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emission of a high brightness at a low voltage due to the 
excellence in electron transporting properties and useful 
as a full color flat panel display, etc., by using a specific 
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y ^ f-;u£y y >vm^ a* ^>v^—^^ y - y^-n^ y ;u 

hy^ h^r^-v-y;^fc^v>(iMi7x^;P^y^ 
StOio^r^y/US. 7x-;H. t'7xX/H, ^~ 

vivjivm, T—i/ivm. y>v*vy ^->vm. is 

7xX;P7S/7x^H, y7f/l/7Sy7x^ 
a, i/'lf ;1^7 S y 7 xx;HJ) I, ^Ii7 x t yxi/x 
/ua^J; d^T'J— fxx/i/i, 7y;PS. 
y?D^y^y'xx;H, Tt^YVtlS. **WT 
YV)V&. ^rVJ/Ht. f7y7/'J;H, 7^'Jy 

y;pa, ^y/fxx/n, 'O-Vf-rvy/PS, -fy 
^yy'jr^-fv'y^a, ey s^oua^sv^ s^v 

y/US^O'sirnii. -fnl, -hoy 

■f y^r*-h», f-3r^r*-h»» -fvf-*s^r* 
^> ^>ama* { fcsv HzuMcommx-^ LxmzBtfLL 

[00 34] ^^^c7)MmSO^A^tt, £/7^^o 
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9 f^ym&mkizmx lt &i \ #^0* 

«E L Si^ffl v ^ Sy 7 ^ 9 u^y 9 i-'x yf^f* 

fc. i*Ui. ^xv^cOtt' «i31b^-<^cr* HUM 
XfflxX\^hfrt' 3WfflT*&5:V\ i^^^^o'O 

? v-x ymnmm. h wf-mmmzn^ ^tx v 

^^^il^. ^¥6-3 2 5 87 l^$ix 
fc. Zixii. ^y^9u^y9 i J^ymcomxti i ±h< 

ti^y^^x-ymmmi. ms^^sbes-^-ro-e 
e Lm^cmmtrnt vx t*j*rc*& . wt\t. 1 , 

1 -V*^r)V-1, 5-t'X (3-7/^07x^) 
-3, 4 - y 7 1 z;Uy 7 y 7 o^y ^ y'xyljffet: 
1, 1 2, 5-t'X (3-*J-)V 
7i-;H -3, 4 -y'7x-^y7y?D^y^y"X 

[0035] ^bhcoe LmTommz. zmcommtf 
w*mzi±-ncr>mm (mmtmm) rmz. m 
my?i/7v^y?i;^ymmmmftUzffif$.b u 

ZtliZii^lzmtX . jETLiliStm. «3ft*£fiiJ:tX« 

?itastmtini*3&», so<oJBt LTWJttiurj: ^. 

m/mm. m^/imm&m/^v^^ w<y9 : J?.y 
mmwm/wm. mm/jEnmmm/ftftm/^? >-9 
u^yf^yimw-m/mm, mm/iEnMmttm+ 
mmm+y^y 9 w<> 9 ^vm^vm/imts: t- 

[0036] m<o->y^9xj^y9^ yimwco^m 
%&mmtLx. mim±mm^mmtffo&. ietus 

tx-foh. ^%mxm^htih^y^9xi^.y9 t J^.y 
%mm±. m?*mmmL<im$im\,zWim-z><r> 
x\ xzmniimELmT-wmmfomtLx. mm/ 
mmw^/^y y?vi^y? i;^ymmfom/m=fm 
mm/mmmt>mft>tiz>. zcom^. ?tic?h<D\$, 
inrnmm wi«y7y?D^?yi ymmwm c 

Zco£o%JEn,m±<omk$:tii~fi'7>>9 
^y9 : J^.>%mWtLX\t. mt®.Wc<r>m^h<r)tf 
hlft>ti&.M*-l$:. 9. 9' -iy5Xt.ot'7;M-l' 
ymttfoW l>tlh. Z0)9, 9' -isyXt'Vt'yjls* 



uy£jEfi$8jtmtz^ TPDziEimmmiz^ 
odfiydfy u^t^s-^a (a 1 q) zm^mmmiz 

i&tt-th, zcoxdizTPDtfzmt&m^-tLx 
ii, KidoA>(C x h h y TY-ivtmfozm^tzm^tfh 

htf'g&XliZcfr-otz (Science, 267, 1332(1995)) . § 

t> iztm*m tbx. *&wxm \ litis ^ 5 >- 9 

fcLTffifflT'^S. i^J^c7)S^o«^«, mm/IE 

[0037] *HB^^(i, u-rtii>mmz$:ftzti 

<. «*EL*^tlffl$ixTV^Si>c7). 

2nm^L50 00nmi0lifSg§il|,„ 
[0038] *5MH<0E LSR^tfeJtiBISfc LTfi. 
tt*WR05:*:#v* <4 eVfcU:) 

(iAu^rk'cO^JR. Cul % I TO, Sn0 2 . ZnO 

^t'oi^*ttiSBj«^*^{f^>ix-5>. tmmiz. zi\t> 

0fB3t*R0as-r«^fc:«. ^5i*S: 1 0%J: 

WHtCt>i4*«, ISlOnm^uLl/Ktn, »4L< 

«41 0~2 0 0 nmOlEHt'jMtm?.. 
[0039] LT(4, tt»Ria^/h$V^ 

(4. 3eVJilT) «RgJMtfl;^flja^' 

cox^^mmmnio^mtLxit. -79 

^.iy»7A. y^-»7A, TVUSx^A. -7^iy»>A-& 
ife, yf-^A^#, 7/1-5x7^, T^SX^A/ 

^x/N'-y ^ y ^^iro^rat j; 0 . 

Ov— hffifil{i»^/squareOT##F* L < . illj 
ffiftl Onm^rV^Ll Atm. t<«5 0 — 2 0 0 n 

[0040] *%BJc7)E L^^fi|«{i. UEtfc J: 3 
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-hi, m%-£- t 3-z-t>titz2m0)nmmzmw.2tirmm 

if* ^lETL^ii A $ tifztika. &3EfLt:mV}lZf&£M*»-& 

c mOm^EPiPB$(C, ^<HlO- 6 cmi /V 
W±OIE?L^ii)Jg^i>ot(7)*W3ST'S)^. .icoidS: 

m~ehtiimizfflmit%< . ft*, i* 

[0041] B0E?LIUaWH4: LTti. Witf *;^-?V 
-;H83$ft (N-7i-;W/l'Ay-;K sKUlf—;^ 
;W\'V-/l^ if ) . h V T V -)VT 5 VBSSW* ( T P 

V— . 1, l-t'A (4-y-p-hy;l/7S/7i- 

s^u'V*-*^, N, N' --/'7I-/I/-N, N' 
-i**-7f-/l'-4, 4' -y7Syt'7x-;^i:) , 

mmm-t&mitte. w^^^u^y-^^ytmw 

[004 2] 
Hfcl 3] 

Me tBu 
m/ tBu 

& i: co x j y%mfo m^M^u. 30,3 

[fcl 4] 




[0043] &fcVMfr£f8i|( J. Apply. Phys. ,27.269(198 
8) *:iffc:Ett<0t>O) ^=3f^v ! TV*-;H^f* 
(S3ES3K. Jpn. J.Appl. Phys.. 27,L713(1988h 7*7*5 



■4 F7 -f ^^Xl^ — (A PP 1. Phys. Lett.),55, 1489(19 
89) $riffc:K«Uot>tf» , <#PHM 
- 2 1 2 2 8 6 ^<k$83r h'(Cf5^ £><0 ) , h 'J 7/- 
/H^ft ( Jpn. J.Appl . Phys. , 32 , L917 (1993) & £ 
*>fc<9) . f7y7/-/^ft <IS4 30iitfH^£ 
^•ISA, III P 1 aO 0 7%t'lZim<7)i><7» . 

92(311). 43(1992)$: iffcSBtteOkO) . ^V^-tf-yytt 
^fttf^y-?- (Jpn. J.Appl. Phys. ,33,L250(1994)^i:' 

^temcotco) , 7ityhn!;>ii* dg4 30« 

#^rfiitit&^fiMfe. 1 4 J 0 7=SriTfcSEtt£>fc0» Srfc' 
[0044] ^f&HJllcfBMSfBfeMmcli. 
(1991), P236^ieie$tfCV^J;3^ : l3^ 

zbtfX'Z&tf. Mibtmzii. Tvh^^y. 7xfy 
hU>\ tfH'. ?>J-fe>\ ^'Jl/>. =m*>\ 

7 *—)V%¥cr)^\)zfy ^—Ul/mt-SWi. 1. 4-b* 
x (2-p<f-;UXf-t;;U) ^y-tfy. 1. 4-fx(4 
-^f^Xf'J;K 'O'-trV, 1 . 4 -fx (4-^f- 
;p-5-7*— ;u-2-^if t y , J;u) <y-fe*y, l , 

4-h'X ( 5 -7x-;l^-2-^ O-tf 
>\ 2, 5-t*X (5-?-^'J-7'f/l'-2-'^' 
XrtdMfVy/P) tt7x.y^ 1. 4-y'7x^- 
1. S-X^-XV, 1, 6 -y*7 x 1 . 3. 5 
-MtbVxy, 1. 1, 4, 4 -f h77x-/l/- 
1, 3-7?iSj:>'Zcb'nmfoi<'>?-U-~>3>mi'>' 
■f-U-f* tflSBS 6 3-26469 2-S§-&*fif2»{<0** 

m*2 53471 3&mzim<7)**-n?y%ki\L&®>, 
«4 ommmmm&m&m&mm&mm^ffiM. 114 

6 (19 9 3) tclSKcOX^/^yf^frfc J: VWfBST 
4-363891 ^?gIBigc05r^-9-> ; ry'-;^-ft^ 

[0045] *%bjct)e Lmrzimt&iRmzyjmn 
mz<zcoffi®.<r>m : ?iz^Twni-&. mm/mi--? ^ 
9 n^y? v^ymmwm/mm^tth e ls-?^ 

T. if*L<<il 0-2 0 0nm<0leH^/l^i,i 

nymmfa(r)mmznmz j &z>. mmiwtrmtLx 
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«*, mux. immjLm. xv>a-hm. 

umtm^K>m< *^fy*-w^ uz < t'<v 

itx.>mmfcmcD&mk. z^izmrnmrnm^zz 
mm* » i u miiiT. mufmm*?^ -v ? v y^co 
umizx'omfS.Zit. mmzm-thztizj:*)^ mm<?> 
ELmTrfn^tiz. z&ELmToitmizts^ 

vjLvimwm. Vmmcom<,zim~thzti>-5imx'$> 
mn-th^commfiMxxu. 

[004 6] 

[ mm i txnzmmizx zmw-mzmw-tz 
*k *%.wi*Tizcommmizmfeztig> to-m&t^ 
[0047] mtm 1 

2 5mmX7 5mmX 1 . 1 mm<D#^xaEfg_hCc I T 

ozmmmizx 5 onm^f^tsiut^ <sbsc= 
mmzmmmMMw (m^mx (mm) <^>mm.^ 

OBCl-7'J^-l, 2, 3, 4, 5-^^7!- 
fri/visfu^vfitjLV (APS) ZAixXM^WZ: 
1 X 1 O" 4 Pa^flffiLit. TPDA90S-?»£fln 
JRU aWSOnmfc^riJrdtTPDSSMtLJt. - 
tf>±C» APSAO<0-S.O(r5:ilI^LT, M50nm 

i3CAPS tJJMtLfe . P.*3SJK<i 0 . 1 - 
0 . 2 n m/»T*ofc. *«D8Ht£»£ 2 X 1 0 "« P 

^*j"7A£l. 2~2. 4 n m/#<7)^*i£jK-C\ |S| 
Wft-t 3— *'<0&-OJa'*»^>«&0. 1~0. 2nm/f 

a-^A*«S^«3tJi<0±fc 2 0 0 n mfllfLtW 

B8EWE1 7V£Epfln-f Stm 0 OraA/cm! 
tf>3KS#WU 6 00cd/m 2 <9S£fe«Of&3fc?^#rt:. 
5l3t^*{i5 0 3 nmtJi-jfc, 
[004 8] HJfi^)j2 

^WlltfflV^APS!:l-hHo^y-l, 2. 
3. 4. 5 9 y x.—foi'^ i/J Xl^s $ i/3LV\,Z 

^(C, 7V$rEnau-f?.i;^3 OOmA/cra 

2 0«g£*Wl s 500cd/m ! Oti£«D|Bfe£f# 
fc. fBfcifcK«:5 1 6 nnrC&ofc. 
[0 04 9] HiftWl3 

£JfcHlTfflV\fcAPS£: 1 , 5- 



t*X (3-^f^7x-/l/) - 3, 4-y'7i^y5 

y 9 i>x ^Ktt*. fcJJWtt|B|«=5r*i6-wiHF* 
ffr£Ut. f#<c>il*:3HH:: s SSSmJEl 3VSrEpjD-T.i. 
tS800mA/cmi <7)*Sft>*S!i*V 1000cd/ 
m 2 OW»fe<9»M5£»fc. «3t««Ji4 8 8nm-C» 

[0050] £ffi0|4 
^SfcMlT'ffl^APS^ 1 , l-i/^-?-;P-2, 5- 
t'X(3-h(i7^D^f/l,7x-;l/) -3, 4-^ 
7i-;Py7i/?n'<y^yxy|;fti fc£l»Ki R»3r 

[00 5 1 1^0(5 
HtfeMl-CfflVVbAPS^l. l-y7f;P-2, 5- 

h'x (3-try^) -3, 4-=Jy*->v=s?is?u 

^y^^x.yizitttiiimmm^^mx'm^^L 

[0 0 5 2] 

SflMlt'ffl^APSJl, 1 -io<f-/P-2, 5- 
t'X (2-t'Jy;l/) -3, 4-y7i-;^5y?a 

fc. ftWutSKPte. iS»i!«fE9V$rEpjD-r^i:^l 0 
OmA/cm 2 <7)^^giCfi, ^500cd/m ! CO-g 

[0053]»W7 

aiWlt'ffll*APSJ 1 -^f;y-l-7x-;l- 
2, 5-b'X (3-f'Jiy';U) -3, 4-y'7i-;|,y 

#4.ix^*^tc. a:s«Ei ov^Epsn-r 

5tf!)3 0 0mA/cm2 0*^g£h. % 9 0 0 c d 
/m 2 <?«fe<0«Jt*»Jt. 
[0054] »fe^|8 

*M0H 1 x-m^tzA PSJ1, 1 -i?>f vrow- 
2. 5-b'X (3-tTU^) -3, 4-y'7i^y 

&b%>l 0 OmA/cm' tf)«St*Wu #>2 0 0 c d 
/m 2 <50|gfecO^S-#^„ 
[0055] Hlft0«9 

»|lT'ffl^APS5:l, l-^f-;P-2, 5- 
h'X(2-f-x^) - 3. 4-^':7xX/l^5i/?n 

fc. ff^fl/t^tc. ii:»Sfl;JE3. 5VSrEpjo-ri,i:^ 
3 OmA/cm 2 eO«8fE#SDfu *t»3 0 c d/m 2 

[0056] HJS0!1 1 0 

mmm 1 T-mv^ a psji, i - vru/p- 2 , 

5-h'X (2-f-x-;U) -3. 4-^7x^;Pi/7iy 
^ o^>^ >-'xytcftx^J^h{i|5]«^^-C'*^ 
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[0057] »fc0aj i i 

HJfcPJ 1 tffll^AP S 5- 1 . 1 -?-/U- 2,5- 

b'X ( 5-5'-^ l J-7't;i'y7xZ;l,-/ | J;H2- 
^-x~;U) -3, 4-y'7x-;L-y7y?D^y^yX 

TtfSHHC itsfriE 1 2 . 5 VfcBttir*-* 0 0m 
A/c m 2 c^SSWWU *<J2 0 0 0 c d/m 2 <DHJi 
fe<0#S3fc£#fc. 563t»[ftli5 5 1 nmX'h-otz* 

[0058] mmmi 2 
[0059] mm 1 3 

^ u yfcfu* wummw&Tm^- z^m. trz . & 

Mlfc^Ffc. itSEmffil 3VSrEnJo-ri.i:^3 0 0m 
A/c m 2 COHSAWU #75 0 c d/m 2 W^lfe^ 

? WH: U «*»JHi4 0 5 nratfci 

[0060] mm 1 4 

-fcH£U ^^O&OQ'lCTPD. J5fltf>4oBr(CA 
PS. ho l~0<7)&r>mz.A. A' -t'X(2. 2-^* 
7xx/L-b'x/U) h^x-* (DPVB i ) ZXixXM 
SltS-lxi 0-«Pa*-C^EEL3ti TPDAOWSo 
HteinSfcU JS»5 0nmfc^SJ;dtCTPDS:^L 
ft. Cic7)±{^ DPVB iA9<7550tlT£;0[If?ftLTJKJ? 
2 0nmtC^^j;olCDPVB i SrJJBBfU $<ot=, <I 
<7)±K A P S A 0 <0 & OS'S: JPlft L T ffitff 5 0 n m 

sidcAPs*n#tfc. wmmmio. 1-0. 2 

n m/^C*-5fc. -e<7)f£R£l§£ 2 x 1 0"« P a ST' 

>7A£ 1 . 2-2 . 4 nm/^»!MBSWE'C, RKJCfc 
0-3fr<0SoffA>£>®£0. 1-0. 2nra/«| 

3«imi»tfc. }^wx'^y*is*7J*bigi<?>m&& 

fcU 3R?*»*Ufc. ITOIMUS, v/*v"7 

At*«iR^«atH«kLT. f*6ft/aimc, ess 

WWiD P V B i ^^CD^X^^ Wl^-ft 

[0061] mmmi 5 

mmm 1 4 x-m^ *z a p s £ tt s tt icfti. >t law* 

E9. 5V^EPjl)D-ri»i:^l 0 0mA/cm 2 OltgS*< 



[0062] fdfcffl 1 6 

mm 14tfflV*APS5rl, 1 - is* +tU- 2 . 5 
-t'X ( 3 -7W07x-/l<) -3. 4-y*7x-;l' 
^ 7 9 o ^ X ? i^'x y tcf^ I^h«[Bl«^*?t-C'^ 

&k&)10 0 m A/c m 2 c7)«SE^gyt*fe£r)%7fe$:# 
ft. 

[0063]*ttMl 7 

Hii 1 4 TfflVtf: A PS5:1, 1 - =JX 1-)V- 2 , 5 
-b'X ( 3-b*iJ>-VU) - 3, 4-y'7x-;l'y5y? 

Lft. il»EmJEE7V^Epjn^i:l<jl 

0 0 m A/ c m 2 Om»f t #WlWfe<DfBt:2r »fc . 
[00 64] HM0H1 8 

mtm\ 1 4 TfflV^A P S 5: 1 . 2 - b'X ( 9 

-^>'V'i/5i/y'D A <.>-^^'x^;U) X? Mzfti-Jt 

[0065] HSfcffl 1 9 

-t=®^L. s^sosob'ctpd, w\<n>h-?mzT 

TSTT, lOCOSom^A 1 qSrA^-C*S«^ 
1X1 0-«PaST-^JEL7t o TPDAO^&OfJ'^fln 
3»L» M^50nm{C^J;3tCTPD^«L^. CI 
co±.lZ. TTSTTt A 1 qc7)So(?$r±fcfcjD^LTM 

m^onm^^xoizmmLfc. a i qo^^jgti 

0. 1—0. 2nm/#tib l ). TT S TT <?)-?- ix{i A 

1 q<30 1 0 OftcD 1 X'h-otz. ^COmM^Z 2X10 
-< Pa^TSJELT*^. /77r^fMJ«SoffA' 

7^y-)Ajl. 2 — 2. 4 n m/fc!><D^*3lJK 
"C, |5jB#(cto— ^TCO§-P(5'*^ffi^0. 1—0. 2n 

t WMStEOTWit 2 0 0 n m«®^3i 

fcSRi'fc:. UsSSEl 1 V$rEpjD-rSi:^9 0 0m A/ 
cm 2 c7)mBSaWlift20 0 00cd/m 2 cOlUlfe^ 

[00661^20 

MSffll 8<7)TTSTTtfO|g*5lJK$-A 1 q<7)l 0 0# 

*Ut«¥-fc:. llBSmEl 2V$:EPJlrt-^i:l«j9 0 0mA 
/c m 2 ^«Sl^"8rifL^ 12 0 0 0c d/m 2 ^Hfe 

<rmst*mz . ^ <o«^i 3 0 0 B$fSBSM£fc: *> R 
[0067] H*feCT2 1 

mW\1 8TfflV^TTSTTS 1 , 1 ->M y7°u;U 
-2. 5-b'X (2-fx-;H -3. 4-^'7x-;l/ 

^ 7 is 9 a ^ y ^ i?x y tft i. tz w\-\t mmttmx-m 
ttftf&Ltz. ismjEi ov^enap 
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nt»500mA/cm2 <MBSttfmh$>a 0 0 0 c 

[0068] mmm2 2 

-IcHJgU 5^<0£otJ(CTTSTT£Afn:*£ 
»*lxiO-*Pa*TjSELfc. TTSTTAO<05 
Oti'SrMftU J«/?l OOnmCrSrSJ; 3CTTSTT 
Sr^t Ltz „ mm&m± 0 . l — 0 . 2 n m/#Tj> o 
fc. -e<0f&X£*iS: 2 x 1 O-iPaiT'MJELT**^ 
-7"y7T4 VmcDh~o1%frt>^ -zy^is^J** l . 2 — 
2. 4nm/^if2gt, t d-^CD&ofc* 

*>£>Sg£0. 1-0. 2nm/#^*^Jgt'^#L 

M(7)±IZ2 0 0 nm«TOSLT*ffafMefc U 

mmzmmtix. n^titzm^z. ^vim&zmn-t 
[0069] mMm2s 

mmm 1 Tm^tzmm^nmm^mmmm^m^^y 

TSTT, t d 1 -?«&oa'£A 1 q £AftTjt£*fS- 
lx l 0-"Pa£-C$JEL*:. TPDAOcD&oOrSrJn 

M/l5 0nm{C^sa:3(=M*L,^. .I<0±C 
TTSTTAOOS^a'^jD^LTJKffl 0 nmt^S 

0nm^?,J;5{C^*Lfc„ ^#j$JK«0. 1-0. 
2nm/ttii-)^. £ 2 X 1 0"« P a£ 

T-«jELTA>^ h 8!k0.g> £> s 

i"7A£l. 2—2. 4nm/g*0g£t&J£T\ HB#(c 
i>3— 3rcO&-?JS'#>£>gB£0. 1—0. 2nm/8>C0l 

^s«ffi$-^iiwji{c:2 o o nmmmmmLxttfam 
[0070] mmM24 

)v>-sy-)v<5on.mu, 9,9' -^^t-ut'^M- 

^5O00r P mX'm^Lfz. *0>ft, 1 

o-'Pao«fff5omwi mrngmemm* 

>7A£l. 2-2. 4nm/^)ltlSt. EUSfcfc 
3— 1j<7)&-o®frt > m$:0. 1—0. 2nm/1^1f 

«fM£5Bftf <D±(C2 0 0 nmSIIfLTWlSltS 



«E14V5rEpj[rr^>i:*«J3 0 0mA/'cm2 cofl;S# 
SSil, 20cd/m' <^>^<r>%it^mtz. 

[0071] mm2 5 

9. 9' -Xb'nt' v-7 7;^lx>5 0Mfigp<7) 
1,2- y?DDi^ >^?gtfti.T s stf'J b'^/l^/U 
AV-;U5 0Mg& N 9. 9' -y7XeDt'7;^l/ 
>50fi*gp s ^V'J>6 (KODAKti) 1SSSB 

«o i . 2- V? nnx^ >is^£fflv v£j^(±£it0i2 

3fcR«fr:^t:^?£#:j£L-Jt. «^fL7tS-?{c, W. 

[007 2] HJgffi|2 6 
^ifi#92 5T'fflV^^ v "J >6 £^'J l^Mcftifcl^l- 
<««&#£T^£fmL*:. f#^>iX7t*^(c, ESS 

[007 3] HSfe#92 7 

mmm2 5X'm^t:?'?v>6&~)--( >i>u-y vizititz 
wummttmx'mT ttz. n^Ktzm^z. 
wmm&z m\rtt t nm<m.tim&n$ffi$:mz. 

[0 0 74] mMM2 8 
»&#ljl 4TffiV^DPVB i £9. 9' -77X^0 
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